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SPECIFICATION 
Frequency detector 

Technical Field 
5 The present invention relates to a frequency 
detector that accurately determines a frequency 
from a sequence of repetitive signals. 



Background Art 
10 The frequency of a repetitive signal has typically 
been measured using one of two methods. The 
most commonly used method is to set up a time 
interval and count the number of pulses which occur 
during that interval. A disadvantage of this method 
1 5 is that when the frequency is low and only a few 
pulses occur during the time interval, the accuracy ,s 
low since one cannot resolve partial pulses. One 
solution to this problem is to increase the time 
interval so that many pulses occur during the time 
20 interval regardless of the frequency. This frequency 

measuring method is not suitable, however, when 
used in a system which requires a rapid update of 
the measured frequency. 
A second frequency measuring method measures 
25 the time between pulses (period) and converts this 
measurement into a frequency. This method 
overcomes the disadvantage associated with the 
method described above but poses ™°* er 
disadvantage. When the frequency is high, the t.me 
30 between pulses must be measured to a h.gh deg ee 
of accuracy. This is not always possible because he 
method used to measure time cannot always be that 
accurate. For example, when working with a 
microprocessor using a 1 MHz. clock frequency, the 
35 most accurately one can measure a period is to 1 
microsecond. Often this is not accurate enough 
when measuring frequencies above 1 K-Hz. 

U S Patent No. 4,052,620 to Brunnett discloses a 
variation of a constant time interval frequency 
40 determination method. That patent shows 

apparatus for conducting a computed tomography 
(CT) scan of a patient. An x-ray intensity is 
determined by converting an analog electrical 
output from radiation photo detectors .nto a senes 
45 of pulses whose frequency is proportional to the 
radiation intensity. 

The Bmnnett apparatus establishes a primary 
time period based on the scan time of the scanner. 
During this primary period, a variable frequency 
50 pulse train is generated which corresponds to an 
analog signal from the photodetectors. What is 
desired is the average value of the signal during the 
primary period of the scan. A secondary period is 
generated which starts on the first pulse afte the 
55 primary period starts and ends on the last pulse 
before the primary period ends. The actual 
frequency of the pulses at any one t.me is of no 
interest, only the average during the P»™*J*"£ 
The secondary period is the largest period ava. lab e 
60 which can be synchronized to the pulses and will fit 
inside of the primary period. 

Disclosure of the Invention mrfh _ H 
A new and improved frequency detection method 
65 and apparatus is disclosed wherein repet.t.ve 



signals are counted during a time interval that is 
synchronized to start when a pulse occurs. After the 
time interval is over, the time is measured until a 
next succeeding pulse occurs. These time and count 
70 determinations provide sufficient information to 
calculate the frequency of the repetitive signals. 

As a first step of the frequency determination a 
time period is chosen based upon the resolution 
desired The pulses are counted beginning with the 
75 first pulse occurring within the period and ending 
with a next succeeding pulse after the end of the 
time period. The time between the beginning and 
ending pulses is divided into the count to give a 
calculated frequency. ..... w 

80 One advantage to this method is that it works for 
frequencies over a wide range and is more accurate 
than the prior art methods. At high frequences, 
many pulse are counted to provide more accuracy. 
At low frequencies, partial pulses do not create a 
85 problem since the time base is lengthened and 
always starts and ends on a pulse. 

A preferred application of the invention is for use 
with an automatic speed control for a continuously 
variable speed motor. The frequency of a series of 
90 pulses whose repetition rate is proportional to the 
motor speed is determined and compared with a 
control input. To rapidly adjust motor speed he 
frequency is constantly updated and fed back to the 

motor control. 
95 For this preferred application, where cons ant 
frequency updating is a necessity, the end of each 
counting period begins a next succeeding counting 
period. The time for each period vanes due to the 
synchronization of pulses to take advantage of the 
100 improved accuracy at both high and low 

frequencies. .. 

One system where the invention has applicability 
is described in U.S. Patent No. 4,458,194 to Geppert 
et al entitled "Method and Apparatus for Pulse 
105 Width Modulation Control of an AC Induction 

Motor/' The disclosure of this patent is incorporated 
herein by reference. 

One object of the invention is to accurately 
determine a frequency regardless of whether the 
1 1 0 frequency is high or low. This and other objects, 
advantages and features of the invention will 
become better understood from a review of a 
detailed description of one embodiment of the 
invention described in conjunction with the 
1 1 5 accompanying drawings. 



Brief Description of the Drawings 

Figure 1 is a schematic of a circuit for 
implementing a preferred frequency measuring 
120 method and apparatus; 

Figure 2A and 2B illustrate prior art frequency 
measuring techniques; and 

Figures 2C and 2D illustrate the method for 
determining frequency embodied by the present 
125 invention. 

Best Mode for Carrying Out the Invention 

Turning now to the drawings, Figure 1 depicts 
circuitry 10 suitable for implementing the invention. 
130 Although the invention is described in junction 
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with this hard wired circuit, it is within the scope of 
the invention for the frequency determination to be 
implemented by a microprocessor controlled 
frequency measuring system. 
5 Figures 2A and 2B illustrate two prior art 
techniques for determining the frequency of a 
sequence of pulses. In the Figure 2A embodiment, a 
fixed time base is chosen for determining a 
frequency and the number of pulses occurring 
1 0 within that time base are counted. The number of 
pulses is divided by the time base to give a 
frequency. 

In Figure 2B, a time period between pulses is 
determined. This period is inversely related to the 

15 frequency of pulses and therefore a measurement of 
the time period gives an indication of the frequency. 
Each of these techniques has disadvantages and it is 
an object of the invention to overcome these 
difficulties by implementing a procedure which is 

20 more accurate for both high frequencies and for 
relatively low frequency signals. 

In accordance with the invention (Figure 2C and 
2D), a time base is chosen for measurements. This 
time base is not constant as was the case for the 

25 prior art technique illustrated in Figure 2A. Instead, 
the length of the time base is chosen depending 
upon the required resolution of the frequency 
determination. As seen in Figure 2C, the time base 
begins upon the receipt of a pulse P1 and ends at a 

30 certain time T. The timing for frequency calculations 
continues until the receipt of the next pulse PN after 
the time T. The pulses P1 through PN are counted 
and the time period is the time separating the first 
and last pulses P1 , PN. The frequency is calculated 

35 by dividing the number of pulses less 1 (counM)by 
the time between P1 and PN. 

Turning now to Figure 2D, that figure illustrates 
circumstances in which a number of pulses 
occurring within the time period is low. The time 

40 base begins upon the receipt of the pulse P1 and 
ends upon receipt of the next pulse subsequent to 
the time T. The next succeeding pulse PN delineates 
the time variable for the frequency calculation and 
the number of pulses (counM) (in this instance 2) is 

45 divided by that time period. Even if the time base 
expires before the receipt of a next succeeding 
pulse, a measurement can be obtained. This 
situation is seen to be fully equivalent to the 
situation in Figure 2B where the period is 

50 determined and used to calculate the frequency. 

Turning now to Figure 1, a schematic diagram for 
apparatus to implement the invention is described. 
A series of pulses are coupled to an input 12 of the 
schematic circuit 10. These pulses may, as an 

55 example, be generated by a tachometer 1 1 that 
monitors an alternating current motor having a 
speed that is directly proportional to the pulse 
repetition rate. The frequency calculation is used as 
part of a servo speed control. 

60 The series of pulses are digital signals that are 
either "on" or "off". "Off' typically corresponds to 
zero volts or system ground and "on" to a few volts 
(often 5) higher than the "off" voltage. The term 
"low" and "high" are used interchangeably with 

65 "off" and "on". 



When a start input 14 goes high frequency 
determinations begin. During normal operation of 
the circuit 10, this input remains high. Receipt of a 
high signal at the input 14 causes an inverting 

70 output 18 from a flip flop circuit 16 to go low 
synchronized with a low to high transition of the 
pulse train 12. This output 18 is coupled to a NOR 
gate 20 whose output goes high, releasing the reset 
input to two counters 22, 24. 

75 A first counter 22, counts pulses as they are 
received at the pulse train input 1 2. The second 
counter 24 is a timing counter driven by an oscillator 
26 coupled to a clock input 28 of the counter 24. As 
the reset input from the gate 20 releases these two 

80 counters, the pulse counter begins counting pulses 
(beginning with the next pulse after the one that 
released the counter reset) and the time counter 
begins timing of the receipt of those pulses. 
The circuit 10 additionally includes a comparator 

85 30 having two inputs 32, 34. The input 34 is a 
variable time base input for setting the time base 
shown in Figure 2C, 2D and can be varied as the 
measured frequency resolution requirements 
change. 

90 The time counter 24 generates a digital output (8 
bits) that is coupled to the input 32 and compared to 
the time base input 34. When the two are equal, a 
comparator output 36 goes high and is coupled to a 
second flip-flop 40 that is also clocked by the pulse 
95 train 12. This flip-flop 40 has a noninverting output 
42 coupled to an AND gate 44 whose ouptut is 
coupled to the NOR gate 20. The output 42 is 
therefore synchronized with the next succeeding 
pulse in the pulse train input 12. A high signal at an 

1 00 output 46 from the AND gate 44 causes the NOR 

gate 20 to go low, resetting the counter 22 and timer 
24. At the same time, the low output from the gate 
20 causes two latches 50, 52 to latch the count in 
both the pulse counter 22 and the time counter 24. 

1 05 Note that each pulse that resets the counters is not 
included in the count in the next succeeding base 
period since the latch 50 gathers that pulse in the 
previous base period. 
A divider circuit 54 receives a count output from 

110 the latch 50 and divides it by the time output from 
the latch 52. Since the output from the counter 24 is 
a digital record of the clock pulses received in the 
counting period a scaling input 56 is required by the 
divider 54 to produce a digital output 58 of the pulse 

115 frequency in hertz. 

The digital output 58 is coupled to a motor speed 
control 60. The speed control 60 compares the 
calculated frequency (or speed) with a control 
frequency (or speed). The control 60 energizes the 

1 20 motor (not shown) to reduce differences between 
the calculated frequency and the control frequency. 

The output from the gate 20 that causes the 
latches 50, 52 to gather data from the counters 22, 
24 also resets those counters. As soon as the time 

1 25 counter 24 is reset, the comparator 30 senses a 
nonequality between the inputs 32, 34 and causes 
the output 36 to go low. This low output is coupled 
to the AND gate 44 causing the output 46 to go low. 
This releases the reset from the gate 20 until receipt 

1 30 of a next subsequent output from the comparator 
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30 The two counters 22, 24 again begin counting 
pulses and time for a next succeeding time per.od. 
The frequency calculation is continually updated 
ISer passage of a base period time controlled by the 

5 input 34. 

As noted above, the invention could be 
implemented using a microprocessor having an 
internal timer whose value is continually updated at 
he Sroprocessor clock frequency. A programmed 

in time base value is compared with the elapsed me 
on the counter as microprocessor interrupt pulses 
from the pu.se train are counted. A correspondence 
between the clock output and the time base 
indicator would cause the timers to end on the next 

15 succeeding interrupt pulse. In this way, the same 
frequency information i.e., the count and the t me ,s 
obtained. The frequency is then calculated by the 

^"sent invention has been described 
90 with a degree of particularity, it is the intent that 
both the hard wired system of Figure 1 and a 
software embodiment utilizing a "^Processor 
controller be protected. It is therefore the mtent 
that the invention include all mod.f icat.ons 
25 and/or alterations from the disclosed design 
falling within the spirit or scope of the appended 
claims. 

30 ^Apparatus for determining a frequency of a 
sequence of repetitive pulses comprising: 

set means for setting an adjustable base penod, 
timing means to begin a timing period upon 
receipt of a f irst pulse, to generate a stop s.gnal after 
35 the adjustable base period, and to continue t.m.ng a 
muntina oeriod until the occurrence of a 
ub quent pulse after the end of said base penod 
counting means for determining a count of pulses 
during the counting period; and 
40 calculating means for determining a repefhve 

pulse frequency based upon the count o, sa.d 
counting means and the counting penod over wh.ch 
the count is determined. 

2 ^ apparatus of Claim 1 where the counting 
45 means does not include said first pulse . but does 

include said subsequent pulse .n sa.d coun . 

3 The apparatus of Claim 2 where the set means 
comprises comparator means having me ans for 
storing said adjustable base per.od and sa.d t.mmg 

50 means includes a timer having a contmuously 

inning output that is started and reset by rece.pt of 
puTs in said sequence and where .he , ^nt.nuous j 
running output of said timing means .s compared to 
the base period by said comparator means to 
55 generate said stop signal. 

4. A method for determin.ng a pulse « 
from a sequence of pulses compr.s.ng the steps of. 
choosing a timing period; 

synchronizing a beginning of sa.d t m ng , per.od 
60 and of a counting period upon rece.pt of a start 

""ending the counting period upon the receipt of a 
next succeeding pulse after the end of the t.mmg 

65 bolting pulses during said counting period; and 
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calculating a frequency by dividing the number of 
counted pulses by the counting period. 

5 The method of Claim 4 where the pulses 
counted during the counting period include the next 

70 cceeding pulse but do not include the start pu s • 

6 The method of Claim 4 where the frequency is 
continuously updated by beginning a new counting 
period upon the expiration of a previous counting 

75 The method of Claim 4 where the timing period 
is shortened or lengthened as the resolut.on of the 
frequency determination changes. 

8 Apparatus for determining the frequency of a 
sequence of repetitive pulses comprising _ 
an set means for setting a base time per.od; 
8 fmmg means for timing an extended time period 
which includes said base time period, sa.d timing 
means initiating said extended and base time 
periods upon receipt of an init.al pulse; 

85 said timing means for stopping 

timing period upon the occurrence o the first pulse 
subsequent to the expirat.on of said base time, 

counting means for counting the occurrence of 
pulses between said initial pulse and sa.d rst pulse 
90 subsequent to the expiration of sa.d base t.me 

P t°cu,ati d ng means for determining a repetitive 
pulse frequency based upon the count of sa.d 
counting means and the extended t.me per.od 
overwhich the count is determined. 

9 A method for determining the pulse frequency 
from Sequence of pulses comprising the steps of. 
choosing a base time period; 
timing an extended time period which .ncludes 
100 said chosen base time period; 

counting the occurrence of pulses during said 
extended time period; 

synchronizing the beginning of said extended 
tirnl period and the counting of the . occurrence of 
105 said pulses upon receipt of an initial pulse, 
1 ending the counting of said pulses and ending 
said extending time period upon the receipt of a 
next subsequent pulse after the end of sa.d chosen 

during said extended time period by d.v.d.ng the 
number of counted pulses by the extended t.me 

Pe i0 The method for determining the pulse 
1 1 R freauencv from a sequence of pulses as def.ned in 
1 1 5 cTaim 9 further comprising the step of determ.n.ng a 
required resolution for said frequency 

'rdthereinsaid step of choosing a base timing 
1 20 periodcomprises the step of choosing . .base timing 
1 Sriod in dependence upon the requ.red 1 resolut.on. 
11 Apparatus for controlling the speed of a 

variable speed motor compr.jmg: ^ 
tachometer means for converting 
1 25 output from said motor into a sequence of pulses 
1 2 paving a pulse repetition frequency related to the 
motor speed; . 
set means for setting a base t.me per.od, 
Eg means for timing an extended t.me per.od 
, 30 wnS includes said base time period, sa.d t.mmg 
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means initiating said extended and base time 
periods upon receipt of an initial pulse from said 
tachometer means; 
said timing means for stopping said extended 
5 timing period upon the occurrence of the first pulse 15 
subsequent to the expiration of said base time 
period; 

counting means for counting the occurrence of 
tachometer pulses between said initial pulse and 
10 said first pulse subsequent to the expiration of said 20 



base time period; 

calculating means for determining a repetitive 
pulse frequency based upon the count of said 
counting means and the extended time period 
overwhich the count is determined; and 

motor control means coupled to said calculating 
means to adjust the speed of said motor by 
comparing a desired motor speed with a sensed 
motor speed as indicated by said calculated pulse 
frequency. 
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